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We demonstrate the manipulation of transmitted light through an optical Fabry-Perot cavity, 
built around a spectroscopy cell containing enriched rubidium vapor. Light resonant with the 87 Rb 
D 2 (F = 2/F = 1) ++ F' manifold, is controlled by transverse intersection of the cavity mode by 
another resonant light beam. The cavity transmission can be suppressed or enhanced depending on 
the coupling of atomic states due to the intersecting beams. The extreme manifestation of cavity 
mode control is the precipitious destruction (negative logic switching) or buildup (positive logic 
switching) of the transmitted light intensity, on intersection of the transverse control beam with the 
cavity mode. Both the steady state and transient response are experimentally investigated. The 
mechanism behind the change in cavity transmission is discussed in brief. 

PACS numbers: 37.30.+i, 42.50.Gy, 42.50.Nn 


I. INTRODUCTION 

Resonantly coupled atom-cavity systems m ca ex¬ 
hibit absorption [3], dispersion [4], scattering [5], and 
non-linear effects mm- These processes occur due to 
the interaction of the electro-magnetic field supported 
by the cavity mode, with the intra-cavity medium. 
An important class of atom-cavity experiments are 
performed with cavities built around spectroscopic cells, 
representative of the weak coupling limit. The cavity 
can either be a ring (travelling wave) cavity j8HTQ] or a 
standing-wave cavity m- 

The relatively modest experimental requirements 
in the setting up of an atom-cavity system around 
spectroscopic cells makes this an attractive experimental 
platform. Such systems have been used to investigate 
bistability jT2ll2T] . switching [22], and non-linear pro¬ 
cesses |23]. The participating atomic level system offers 
diversity in the phenomena observed with such systems. 

In the present work, the control of the transmission of 
resonant light through a Fabry-Perot cavity, built around 
an 87 Rb vapor cell, is studied. The cavity mode intensity 
is altered using control light from the side, which inter¬ 
sects the cavity mode. The control results in either sup¬ 
pression (negative logic) or enhancement (positive logic) 
of the cavity mode intensity, due to the specific atomic 
states addressed by the control light. The intersecting 
control beam requires no specific alignment apart from 
a robust intersection of the cavity mode. Both steady 
state and transient changes in the transmitted intensity 
are studied and the results are interpreted qualitatively. 
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While a detailed exploration of the physics behind the 
observered processes is the subject of an accompanying 
manuscript [24], the discussion section of this paper out¬ 
lines the qualitative interpretation for the experiments. 
The potential for the present experimental system as an 
all-optical switch is discussed. 


II. EXPERIMENTAL ARRANGEMENT 
A. Cavity Assembly 

A symmetric sub-confocal Fabry-Perot (FP) cavity is 
constructed around a cylindrical spectroscopy cell (Triad 
Technologies Inc.) that is 75 mm in length and 25 mm in 
diameter, containing an isotopically enriched sample of 
87 Rb. The cell does not contain any buffer gas and does 
not have anti-relaxation wall coating. The cavity is con¬ 
structed with high-reflectivity concave mirrors (Linos) of 
radius of curvature 250 mm, separated by ~80 mm. In 
order to construct the cavity, one concave mirror is di¬ 
rectly glued to one of the end faces of the cell, while the 
other mirror is glued onto an annular piezoelectric trans¬ 
ducer of ~3 mm thickness, which is in turn glued onto 
the opposite face of the cell. 


B. Optical System Setup 

The energy level diagram relevant to the experiments 
reported is shown in Fig. []] At room temperature, the 
excited 5 2 P 3 / 2 (F') manifold of 87 Rb is unresolved due to 
Doppler broadening. The results are two absorption fea¬ 
tures, separated by ~6.8 GHz. uji and cj 2 are identified as 
the frequencies corresponding to the Doppler absorption 
maxima of F = 1 o and F = 2 F' manifolds re¬ 
spectively. The laser beam coupled into the cavity mode 
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FIG. 1: (color online) The energy level schematic correspond¬ 
ing to the D 2 transitions of 87 Rb is shown. The right pane 
of the figure shows the reduced four-level scheme relevant to 
the experiment. The probe and the control laser frequencies 
uj p and uj c are shown. The superscripts ’+’ and ’ —’ refers to 
the positive and negative logic of switching respectively. 


m 




Control Laser 

! 1_T " 

AOM 

CCD 



FIG. 2: (color online) Schematic of the experimental setup. 
The FP cavity with the 87 Rb cell is shown. The probe beam 
(solid line) is coupled into the cavity and the transmission and 
reflection ports are monitored using the photodiodes PDt and 
PD r respectively. The spatial profile of the transmitted mode 
is captured using a CCD camera. The control beam (dashed 
line) intersects the cavity mode over a small spatial region and 
is monitored using PDc- Switching and intensity modulation 
of the two beams are done using AOM’s as shown. 


is the probe laser beam, with frequency uj p o uq, and 
intensity I p . The laser beam intersecting the probe laser 
beam in the cavity mode is the control laser beam, with 
frequency uj c (uq or uq) and intensity I c . The pump 
and probe beams are both derived from independent 
lasers, both lasers are temperature stabilized and have 
a linewidth of ~ 2MHz. Neither laser is actively fre¬ 
quency stabilized. The cavity mode waist is ~ 150 /im. 
The diameter of the control laser beam is <1 mm and so 
its intersection with mode is localized. Intensities of both 
laser beams can be controlled using acousto-optic mod¬ 
ulators (AOM). The linearly polarized probe laser beam 
is passed through a single-mode polarization maintain¬ 
ing fiber, to obtain a TEMoo spatial profile. A mode¬ 
matching lens is used for efficiently coupling the probe 
light into the cavity. The polarization direction of the 
probe beam can be changed before coupling it into the 
cavity using a half-wave (A/2) plate. The control laser 
beam intersects the probe beam in the cavity mode with 
a small volume of intersection. A schematic of the exper¬ 
imental setup is shown in Fig. [ 2 ] A CCD camera (not 
shown in the schematic) is used to image the fluorescence 
from the cavity mode and the intersecting control beam. 

III. CAVITY WITH PROBE 

The coupling of the probe light into the cavity is op¬ 
timized while it is on atomic resonance uq. With this 
arrangement, the measured finesse F, of the cavity for 
light on atomic resonance is F ^ 100, for the experiments 
described in this article. 


Steady-state intensity in the cavity mode, while the 
probe laser is optimally coupled, can be maintained by 
adjusting the cavity length using the piezo electric trans¬ 
ducer (PZT). The frequency of the probe laser is set to 
UJ 2 with an accuracy of a few MHz. The overall stability 
of the experiment is sufficient to allow many switching 
cycles to execute, without significant drift in the laser or 
cavity parameters. The transient behavior of probe light 
in the cavity mode is studied by rapid switching ON or 
OFF of the input probe beam, which is the first-order 
diffracted beam in the probe beam AOM. The rate of 
growth and decay of the probe light in the transmission 
port (PDt) is shown in Fig. [3j The measurements are 
performed while the probe beam is tuned to atomic reso¬ 
nances uq and CJ 2 , and at two OFF resonant frequencies 
« oq + 2.5 GHz and u f 2 ~ uq — 1-3 GHz. 

Figure [3] shows the on and off resonance buildup and 
decay of the probe light in the cavity. The time constants 
derived from single exponential fits to the data are pre¬ 
sented in Table [T[ The measurements show that the decay 
of the light in the cavity mode is rapid (« 1 /is, both on 
and off resonance. In all cases the decay rates measured 
are limited by the response time of the photo-diode used. 
For the rise times, the off-resonant buildup of power in 
the cavity mode is rapid (measurement limited by the 
photo-diode response time), where as the on-resonance 
buildup time constant is ~ 60 //s for uq and ~ 180 /is 
for uq. The large on-resonance rise time of the trans¬ 
mitted light and hence the intra-cavity intensity buildup 
rate can be directly related to the photon loss from the 
cavity mode due to resonant scattering of photons by the 
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FIG. 3: (color online) The measured decay and rise of the 
cavity transmission for the probe, on- and off-resonance. The 
decay of the steady-state intensity, measured in transmission 
for the off-resonance case is (a), and the on-resonance case 
(b). In both cases the fall time has sub microsecond time 
constants. The rise in the transmitted intensity off- and on- 
resonance are shown in (c) and (d) respectively. Here the rise 
time constant for the off-resonant case is sub microsecond, 
whereas for the on-resonance case is significantly larger. 


atoms. We observe that the time constants for establish¬ 
ment of the steady-state circulating intensity, and there¬ 
fore steady transmission, are in the ratio of the transition 
strengths of the respective 87 Rb atomic resonances. 

On atomic resonance, the probe light transmitted 
through the cavity exhibits bistable behaviour with re¬ 
spect to the input light intensity. This is observed over 
the entire inhomogenously broadened resonance, when 
the cavity length is adjusted to support transmission. 
The input probe intensity into the cavity is ramped from 
low to high (up cycle) and back from high to low (down 
cycle), by using the AOM in the path. The evolution of 
the cavity transmitted power (PD^) as a function of the 
incident probe power (PD/) exhibits bistable behavior, 
as shown in Fig.[4j The lack of active stabilization of the 


TABLE I: On- and off-resonance rise and fall time constants of 
the probe beam transmitted through the atom-cavity system. 
The reported time constants with standard deviation errors 
are derived from single exponential fits to the transmitted 
PDt signals for the various cases. The control beam is off 
and the frequencies for the measurements are identified in 
the text and in Fig. [l] 


Probe 

Frequency 

Rise Time 

(m«) 

Fall Time 

(/is) 

co[ 

0.75 ±0.03 

0.66 ±0.06 

uj ' 2 

0.91 ±0.03 

0.66 ±0.02 

Wi 

62 ±4 

0.65 ±0.01 

U>2 

180 ± 87 

0.65 ±0.02 



Probe Input Power (mW) 


FIG. 4: (color online) The transmitted light through the cav¬ 
ity, at CU 2 , as a function of input light power for up and down 
cycle. The arrows shows the directions of the input intensity 
scan. The cavity transmission with increasing input power 
is the solid red line while the solid blue line gives the trans¬ 
mission as a function of falling input power, in the absence 
of the control beam. When the control beam is tuned to u;i, 
the hysteresis feature shifts to higher input powers. In the 
presence of the control light with a power of 10 mW, the new 
increasing power response is represented by the green circles, 
while the orange circles give the falling input-power response. 
The shift in the cavity response, in the presence of the control 
light results in the control of the intra-cavity light intensity. 


cavity length as well as the laser frequency leads to some 
scatter in the cavity input-output traces. To overcome 
this, a seven-point moving average is implemented on the 
data to obtain the traces presented in Fig. [4] This results 
in the blunting of the sharp threshold features, but nev¬ 
ertheless illustrates the sharp onset of transmission. 

In the up cycle, the transmission intensity shows a 
relatively small linear increase for input light intensity 
I ^ It\U m At I t]U a small change in input intensity results 
in a sharp increase of intra-cavity light buildup and cav¬ 
ity consequently transmits, exhibiting the characteristics 
of threshold behaviour. Beyond this point, the transmit¬ 
ted light intensity grows linearly with the input intensity, 
with significantly larger slope than the response below 
the threshold. In the down cycle, as the input intensity 
is gradually reduced, the above-threshold linear regime 
persists well below A ;n , until I t . d below which the trans¬ 
mitted intensity follows the behaviour of I < I t . u . The 
intensity buildup in the cavity exhibits hysteresis in the 
range I t . d < I < I t . u . 


IV. CAVITY WITH PROBE AND CONTROL 

With the cavity mode light frequency uj p on atomic res¬ 
onance, the addition of another beam of light on atomic 
resonance, which intersects the cavity mode can alter the 
intra-cavity mode intensity. Specifically, for uj p = co> 2 , 
when cj c = 0 J 2 (<^ c + i n Fig. [I]), the same atomic transition, 
the hysteresis behaviour shifts to lower input light power. 
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FIG. 5: The cavity transmission of probe light over a free 
spectral range, as a function of the cavity length (in frequency 
units), is illustrated by the thin grey trace. When the control 
light intersects the cavity mode, we see the complete suppres¬ 
sion of the cavity transmission peaks shown as the thick black 
trace. The transmission has been extinguished and not been 
shifted in frequency. 


On the other hand when uj c = (cu c - in Fig. [I]), the hys¬ 
teresis behavior shifts to higher input probe light power, 
as shown in Fig. [4j In the experiments reported below, 
we show both the rapid near extinction and growth of 
light in the cavity mode due to intersection with the ap¬ 
propriately tuned control laser beam. 


A. Cavity Mode Extinction 

To study the system for cavity-mode extinction, uj p and 
ljJ c - are tuned to the UJ 2 and uj \, respectively. The choice 
of complementary transitions for the probe and control 
laser can be reversed, with no qualitative change in the 
experimental results. A weak beam of the control laser is 
sufficient to extinguish the transmission of uj p completely 
as shown in Fig. [5] 

In this case, the presence of the control beam shifts 
the entire hysteresis response to higher values of cavity 
input intensities, as seen in Fig. [4j Thus the presence of 
control light inhibits the transmission for any input light 
intensity that is below the new threshold. For input light 
intensity above the threshold, the control light causes 
partial attenuation. 

On varying the polarizations of both beams it is found 
that changes in the relative polarizations of the probe 
and the control beam have no measurable effect on the 
attenuation of the cavity transmission. Only the intensity 
of the control beam determines the degree of attenuation, 
in the range of input intensities of uo p over which the 
hysteresis response is seen. The light at the output of 
the cavity has the same polarization state as the input 
probe light. 

The suppression of the cavity transmission of the probe 
beam by the control beam can be used to fabricate an 
all-optical negative-logic switch. The intensities of the 
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FIG. 6: A time trace recording three cycles of switching. The 
upper trace shows the temporal profile of the control laser 
and the bottom trace shows the temporal profile of the cavity 
transmission. The transmission is high when I c — 0 and low 
when I c > I c . s . For this set of probe and control frequencies, 
the switch operates in negative logic. 


probe and control beams are chosen so that cavity mode 
extinction is seen. The control beam is turned ON and 
OFF by means of the control AOM and the cavity out¬ 
put is monitored. When the control is ON, the probe 
transmission is dramatically reduced. The transmission 
goes back to the initial level when the control beam is 
turned OFF. The optical switching of the probe light, by 
the application of the control beam, over three cycles is 
shown in Fig. [6j demonstrating high fidelity switching of 
cavity transmission. 

The efficiency with which the control beam can switch 
the probe transmission, is defined as e = 1 — h 0n /h 0 ff. 
Here h Q ff and h on are the heights of the cavity trans¬ 
mission peaks, at the given control beam power, when 
it is turned OFF and ON, respectively. The transmis¬ 
sion peak heights are measured with respect to the non 
resonant baseline light level, which remains the same ir¬ 
respective of the state of the switching laser, as seen in 
Fig.0 In absolute terms for this measurement, the base¬ 
line light level is ~ 10 times lower than the peak heights, 
demonstrating the high fidelity of the digital all optical 
switch. The variation of the switching efficiency, as a 
function of the control laser intensity is measured using 
a fixed intensity I p of the probe laser where complete 
switching is achieved, and varying the intensity of the 
control laser I c . As the control power increases beyond 
a threshold power, the efficiency of the attenuation in¬ 
creases rapidly until it reaches e ~ 0.8, beyond which a 
further increase in efficiency is gradual. This is illustrated 
in Fig. [7] 

The control frequency dependence of the efficiency is 
investigated by setting the probe and control frequencies 
and intensities such that for uj p = co >2 and uo c - = , and 

e ~ 0.5. The cavity length is adjusted to support the 
probe light buildup in the absence of the control beam. 
The control light is now frequency scanned across the full 
Doppler width of and the cavity output is monitored. 
From the result given in Fig. [8j we observe that the ef- 
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FIG. 7: The change in the efficiency of the switching, as a 
function control laser power. The h Q ff value is baseline cor¬ 
rected for determining the efficiency. 


ficiency of attenuation decreases to zero ~ T away from 
peak absorption, where T 500 MHz, is the full width at 
half maximum of the Doppler width of uj i at room tem¬ 
perature. The observation confirms the role of resonant 
interaction in the attenuation of the cavity transmission. 

The atomic fluorescence from the cavity mode and the 
intersecting control beam is monitored during the switch¬ 
ing. In the negative-logic partial switching case, we ob¬ 
serve enhanced fluorescence in the intersection volume, 
as shown in Fig. [9] (a) and (c), when the cavity transmis¬ 
sion is attenuated. The increased fluorescence is due to 
the pulling away of the atom-light system from satura¬ 
tion by uji in the region of overlap, resulting in increased 
absorption of cavity mode light locally. 

The energy budget of the light intensity in the atten¬ 
uation regime is understood by looking at the power in 
PD#, simultaneously with the power in PD# and PD#*. 
In the absence of the control light during a cavity scan, 
a fraction of the incident probe light is transmitted as 
detected by PD#, and the rest of the light is rejected, 
manifesting as dip in the PD# signal, when the cavity 
transmits. In the presence of the control light, as we 
scan the cavity across the resonance, the transmission 



FIG. 8: The change in the efficiency of attenuation as a func¬ 
tion of the control laser frequency across the Doppler absorp¬ 
tion profile of the control laser. 




FIG. 9: The image of the intersection region of the cavity 
mode with the control beam, (a) and (b) (200 pixels ~ 25 
mm). The bold two-headed arrow marks the direction of the 
cavity mode and the dashed single headed arrow the con¬ 
trol beam. The system is in the partial attenuation regime 
for this experiment, (a) illustrates increased light scatter¬ 
ing accompanying probe attenuation, i.e. the two beams on 
complementary transitions and (b) decreased light scattering 
accompanying probe enhancement, i.e. the two beams on the 
same transition. The fluorescence intensity in arbitrary units 
along the cavity mode is illustrated in (c), from which it is 
clear that the scattering from the intersection volume is en¬ 
hanced for the negative logic configuration (blue, thin line) 
and reduced for the positive logic case (red, thick line). 


peak in PD# decreases, the reflection dip in PD# de¬ 
creases (more light is reflected back), and a temporally 
coincident dip appears in the control light power, mea¬ 
sured in transmission. The reflected, transmitted and 


control light beam variations are illustrated in Fig. 10 


The dip in the control beam intensity occurs due to a 
fraction of this light getting utilized in the generation of 
enhanced fluorescence at the intersection volume of the 
probe and control beam. These changes show that, when 
the cavity light is attenuated by the control beam, the 
input light is rejected by the cavity. In the negative-logic 
complete switching case, all fluorescence along the cav¬ 
ity mode disappears and the input probe light cannot 
transmit through the cavity. 

The transient behaviour of the switching action shown 
in Fig. [6j is measured by tuning the probe intensity so 
that it is switched with high fidelity by the smallest con¬ 
trol beam power. Once again uo p and uj c are tuned to UJ 2 
and u) i, respectively. For the negative-logic switching, 
the transmission as the control beam is switched OFF 
and ON is shown in Fig. [Tl] The transient behavior is 
not fit well by a single exponential. We find that a double 
exponential function fits the rise and fall behavior well 
and adding additional fit parameters does not improve to 
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FIG. 10: A sweep across the cavity resonance is shown in the 
presence of the control beam. The orange (dotted) and red 
(thick line) traces are cavity reflection (PD#) and transmis¬ 
sion (PDt) signals, respectively. The blue trace (solid line) is 
the transmitted intensity (PDc) of the control beam. In the 
absence of the control light, the PD# dip is deeper and the 
PD# peak is higher. When the control light is turned ON, at 
the cavity resonance, the peak in PD# goes down (4-), the dip 
in PD# decreases (t) and the transmitted control light goes 
down (l). The multiplicative factores indicate the relative 
signal strengths. 




FIG. 11: The transient response of the cavity output probe 
light for the negative-logic switching. The rise and fall times 
are measured to be « 1 ms for 10 percent to 90 percent switch¬ 
ing. 

the quality of the fit. The fast time constants are ~ 25 /is 
and the slow time constants are ~ 500 /i s, as shown in Ta- 
ble[II| The switching time of the control light AOM is less 
than 100 ns, and therefore does not limit our measure¬ 
ment. The reasons for the complex temporal response 
are addressed in the Discussion section. 



FIG. 12: Illustration of the cavity mode enhancement. The 
polarization direction of the control light is parallel to the 
cavity axis. In the panel, red (thick line) is the cavity trans¬ 
mission, blue (thin line) is the intensity of the control light 
(x30 magnification), analyzed using a Wollaston prism. The 
increase in the intensity of the transmitted light for both the 
probe and control beams in the incident polarization state, 
when the cavity supports intensity buildup, results in a su- 
pression of fluorescence in the intersection volume, as seen in 
Fig. [9] (b) and (c). The cavity mode enhancement is indepen¬ 
dent of the control light polarization state. 


B. Cavity Mode Enhancement 

Complementary to the extinction of light in the cavity 
mode described above, the light in the cavity mode can 
be enhanced by a transverse beam, demonstrating the 
switching of cavity mode in the positive logic. To do 
this the probe and control beam are adjusted to be on 
the same atomic resonance, uj p = uj c + = 002 , while the 
experimental arrangement remains the same. 

For the enhancement case, the hysteresis response of 
the transmitted light intensity to the input probe light 
shifts to lower input light levels, in the presence of the 
control beam. This means that when the control beam 
is switched on, the cavity mode intensity in transmission 
increases. 

A consequence of the buildup of cavity mode intensity, 
and therefore transmission, is seen when the input inten¬ 
sity of uj p is adjusted to be marginally lower than 7 tjU , so 
that the cavity mode intensity cannot be sustained and 
the transmitted light intensity is negligible. Turning on a 
weak control beam, intersecting the cavity mode, results 
in the buildup of the intensity in the cavity mode and the 
probe light transmits through the cavity. In steady state, 
the polarization of the transmitted cavity-mode light is 
identical to that of the input probe and is independent of 


TABLE II: Rise and fall time constants with the standard 
deviations, for the negative-logic switching. The fast and slow 
time constants are obtained by double exponential fits to the 
data. 

Case Fast (/is) Slow (/is) 

Rise Time Constant 46 ± 25 497 =L 139 
Fall Time Constant 23 =h 10 570 =b 221 
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FIG. 13: The transient response of the cavity output probe 
light for the positive-logic switching. Timescales of the fast 
and a slow responses obtained from double exponential fits 
to the data are provided in Table [TV B| and match closely to 
those of the negative logic case. 


the polarization state of the control beam. This is verified 
by rotating the plane of polarization of the control beam. 
Figure [12] illustrates the increase in the transmitted light 
intensity for both the probe and control beam, when the 
cavity is scanned across the resonance. In this case the 
fluorescence in the intersection volume of the probe and 
control beam decreases, as seen in Fig. [ 9 ] (b) and (c). 
Polarization analysis of the control light beam shows no 
change of polarization post transmission. Since the con¬ 
trol light with this polarization cannot scatter along the 
cavity mode, we conclude that the intensity of the cav¬ 
ity transmitted light depends on the populations of the 
atomic states, which are intensity dependent, in the re¬ 
gion of overlap of the probe and control beams. 

A direct consequence of building up intensity in the 
cavity mode with a weak control beam intersecting the 
mode is that it allows the atom-cavity system to be 
utilized as a positive-logic all-optical switch. In this 


TABLE III: Rise and fall time constants with control beam for 
positive logic switching. The errors represent the mean value 
of the standard deviation, returned for the fast and slow time 
constants for least square double exponential fits, over several 
cycles of switching data. 

Case Fast (fis) Slow ( fis ) 

Rise Time Constant 27 ± 11 505 ± 123 
Fall Time Constant 24 ± 11 677 ± 128 


case, the cavity transmits the probe light when the con¬ 
trol light is ON, and inhibits the transmission when the 
control beam is OFF. The experimental details for the 
measurement of the transient response for positive-logic 
switching remains the same as in the negative logic case. 
The responses at the rising and falling edges are illus¬ 
trated in Fig. [l3] (a) and (b). As in the case of negative 
logic switching, the transmission response is best fitted 
by a double exponential. The fast and slow time con¬ 
stants provided in Table IV B match well with those of 
the negative logic case, given in Table |TT| 


V. DISCUSSION 

The swiching and control of cavity beam transmission 
results from changes of the populations in the ground 
states for the atomic system. The experimental system 
here reduces to two widely studied quantum systems. In 
the negative-logic case, the reduced transition system is 
a restricted, four-level system and for the positive-logic 
case, it is essentially a two-level system, with decay losses 
to cavity uncoupled states. Since the experiments are 
with a vapor cell, at room temperature and the size of 
the cell is much larger than the mode volume, the system 
can be treated as an open system in the grand canonical 
ensemble, where atoms continuously enter and exit the 
mode volume. A complete analytic and numerical de¬ 
scription of such a system is complex, but a few careful 
simplifying assumptions can allow the generic system to 
be described with qualitative accuracy, as discussed in a 
separate manuscript m- 

In the presence of the control beam, the atomic state 
populations of the Rb atoms in the intersection volume 
are altered relative to the rest of the cavity mode. When 
uj p = cj c +, the photon loss from the cavity mode due to 
resonant scattering by the atoms reduces. The medium 
becomes more transparent to the probe light in the in¬ 
tersection volume, increasing the circulating intensity in 
the cavity mode. This in turn increases the saturation 
of the medium, resulting in increased transmission of the 
input probe light, till a steady state energy density is 
established. The above discussion is consistent with the 
changed hysteresis conditions of the atom-cavity system. 

When uj p and uj c - are the set frequencies, the cav¬ 
ity transmission of the probe beam is suppressed. Here 
a fraction of the excited state population is optically 
pumped back into resonance with resulting in the 
cavity mode atoms moving away from the saturation con¬ 
dition, creating more fluorescence and therefore radiative 
loss from the cavity mode, as seen in Fig. [ 9 ] (a). Due to 
the continuity of the probe light beam energy density 
across the whole cavity mode, the intensity in the entire 
mode decreases, till the steady state corresponding to 
the atom cavity response curves for this altered system 
is reached. 

The enhancement and suppression of the transmitted 
probe light in the atom-cavity system with the control 

















beam can be used to implement a high fidelity all-optical 
switch, as shown in Fig. [6] and Fig.[lT]for the case of neg¬ 
ative logic, and in Fig. QB] for positive logic. While this 
high fidelity is observed, the question of the response 
time for the change in state of the cavity mode needs 
explanation. The transients show a fast and slow time 
constant, for both negative and positive logic switching 
on the rising and falling edges. In both cases, the short 
time constants are measured to be a few 10 /is and the 
long time constants are in the range of « 500 fi s. The 
atom flow affects the populations in the ground and ex¬ 
cited states, both in the intersection volume and along 
the length of the cavity mode. Consequently, the state of 
transmission of the cavity changes in a complex manner, 
which is reflected in the temporal evolution of the cavity 
mode intensity m • Essentially the fast response comes 
from the light-atom interaction which exist in the cavity 
mode at the time of switching and the slow response is 
due to the flow of atoms in and out of the cavity mode. 

An important future perspective of the study in this 
article is the interaction between laser cooled fluorescing 
atoms in a Magneto-Optical Trap (MOT) |25H29] and a 
cavity within which the MOT is created [3Q| I3T1 [36] . The 
optical control of atom-cavity interactions 32 37 are of 
considerable importance for future experiments where 
fluorescing atoms in mixtures couple to cavity modes 
[38[ f39] . The present study therefore constitutes a pre¬ 
liminary, hot-vapor precursor to the corresponding cold 
vapor experiments. The motivation for performing these 
measurements on the D2 resonances for 87 Rb stems from 
this connection to cold atomic vapour experiments, where 
u >2 maps to the cooling and uq maps to the repumping 
transitions. 


VI. CONCLUSION 

In this work we demonstrate optical control of reso¬ 
nant light, in transmission through a standing wave cav¬ 


ity, built around hot atomic vapor. The power of control 
light required to affect the transmitted intensity of the 
resonant probe light through the cavity is shown to be 
a few hundred microwatt. The control light exhibits a 
threshold power, above which it alters the transmission 
properties of the cavity. The cavity-mode light can be ex¬ 
tinguished by manipulating the control intensity, a fact 
which is used to demonstrate high-fidelity switching of 
transmitted light through this system. Both steady state 
and transient processes are experimentally characterized 
for this system. The physics of this system is discussed 
within the context of a driven multi-level quantum sys¬ 
tem [24], and qualitative explanations for the observed 
steady-state and transient phenomena are provided. The 
robustness and ease of working with this system makes 
it suitable for exploitation as an all-optical switch, which 
operates with either positive or negative logic. The ex¬ 
tension of this experimental technique to an ensemble of 
cold atoms contained within an cavity is a exciting possi¬ 
bility for probing atom-cavity coupling at ultracold tem¬ 
peratures. In this case, both collective strong coupling 
of the atoms to the cavity mode and the elimination of 
effects due to Doppler broadening will allow a number of 
possible experiments in the future. 
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